The nuclear phenotypes of Malpighian tubule epithelial cells of 5th instar male nymphs of the bloodsucking insect
Thermal shocks affect survival, molting incidence and nuclear phenotypes in blood-sucking hemipterans, including the vectors of South American trypanosomiasis. Variations in the responses are a function of the shock duration and of the insect developmental phase, sex and species (Rodrigues et al. 1991 , Dantas & Mello 1992 , Garcia et al. 1999b . Panstrongylus megistus, for instance, is less resistant than Triatoma infestans to heat and cold shock assays (Rodrigues et al. 1991 , Garcia et al. 1999b . P. megistus is a very important disease vector because of its wide distribution in Brazil, its high rate of infection with Trypanosoma cruzi and its adaptability in invadThis paper received financial support from the State of São Paulo Research Foundation (Fapesp, grants no. 95/ 1954 (Fapesp, grants no. 95/ -8, 95/6629-8, 99/2547 and the Brazilian National R&D Council (CNPq). This study was part of a thesis presented by SLG to the Instituto de Biologia, Unicamp, in partial fulfillment of the requirements for a Master degree. + ing artificial ecotopes (Forattini et al. 1978 , Forattini 1980 . Knowledge of how this species responds to stress is necessary not only to establish the optimal conditions for rearing specimens in the laboratory but also to evaluate the altered biological characteristics of specimens captured in natural ecotopes.
Exposure for l h at 0°C affects the survival of P. megistus nymphs at various developmental stages and adults, more than does a heat shock at 40°C for the same time, although this difference is relatively less pronounced in 5th instar nymphs (Garcia et al. 1999b) . Cold shock also drastically affects the frequency and time of molting, to a greater extent than does heat shock (Garcia et al. 1999b) . Even so, more than 50% of the P. megistus nymphs at different developmental phases survive for at least one month after a short cold shock (Garcia et al. 1999b) . While cryoprotectants are unknown in these insects, it is hypothesized that heat shock proteins (hsp) confer a certain amount of protection to P. megistus against cold in a similar way to that reported for some other insect species (Chen et al. 1987 , Burton et al. 1988 , Komatsu et al. 1996 . Indeed, cold tolerance may be induced in P. megistus (Garcia et al. 1999a) .
Considering that changes in nuclear phenotypes indicative of cell survival and cell death are induced by heat shock in 5th instar nymphs of P. megistus (Garcia et al. 2000) , we have examined the cellular effects of cold shock in specimens of the same developmental phase of this species for comparison purposes.
MATERIALS AND METHODS
Male 5th instar nymphs, descendants of a domestic population of P. megistus (Burmeister) (Hemiptera, Reduviidae) and reared in the laboratory were used. Control groups were maintained at 28°C and 80% relative humidity whereas the experimental specimens were subjected to cold shock at 0°C for 1 h. The shock temperature conditions were selected based on a previous report on the survival and molting incidence for this species (Garcia et al. 1999b) .
The specimens underwent a 15-day moderate fasting period before the shock after which they were fed with hen blood once a week. This nutritional regime was chosen because there was no significant difference between the survival of slightly fasted and fully-nourished 5th instar nymphs of domestic P. megistus (Garcia et al. 1999b ) while the moderate fasting facilitates the dissection procedure.
Whole Malpighian tubules were removed from the insects immediately after the shock and also 10 and 30 days later. Organs from at least three specimens under experimental and control groups were used. The control groups were the same as those used for study of the heat shock effects (Garcia et al. 2000) , since heat and cold shock experiments were processed simultaneously, although cold shock results were analyzed later. The organs were mounted on histological slides, fixed in absolute ethanol: glacial acetic acid (3:1, v/v) for 1 min, rinsed in 70% ethanol for 5 min and air dried at room temperature. The tubules were then processed for the Feulgen reaction, acid hydrolysis being performed in 4 M HCl at 25°C for 65 min. The stained preparations were rinsed in three washes of sulfurous water and one wash of distilled water, air dried, cleared in xylene, and mounted in Canada balsam.
The total number of Malpighian tubule epithelial cell nuclei and the number of different nuclear phenotypes present in the organ were determined in each specimen by counting with a Zeiss light microscope. Photomicrographs were obtained using a Zeiss Axiophot II microscope. The linear relationship between the shock conditions and the various nuclear phenotypes was assessed statistically with the Minitab TM software.
RESULTS
The Feulgen-stained polyploid nuclei of the Malpighian tubules of P. megistus males showed homogeneously distributed fine chromatin granules encircling one small heterochromatic body which contained several copies of the Y chromosome (Mello et al. 1986) (Fig. 1) . This phenotype was the most frequent in both, the control and experimental specimens (Table I) , although it decreased in relative frequency 30 days after the cold shock (Table II) .
Other nuclear types were more prominent in the cold-shocked specimens (Table I) and were characterized by heterochromatin unravelling (Fig.  2) , nuclear fusion (giants) (Fig. 3) , typical and suspected apoptosis (Figs 4, 5) and necrosis (Fig. 6 ). Apoptosis and necrosis were defined morphologically and were also seen in some giants.
The absolute, but not relative, frequency of heterochromatin unravelling increased immediately after the shock. With increasing time after the shock, both the absolute and relative frequencies of this nuclear phenotype increased significantly (Tables I, II) .
The absolute frequency of giant nuclei increased slightly just after the shock, but decreased thereafter, whereas the relative frequency of these nuclei was not significantly affected immediately after the shock but decreased moderately throughout the remainder of the experiment. Rare necrotic giant nuclei, and giant nuclei suspected of apoptosis or with heterochromatin unravelling were observed with increasing time after the shock (Tables I, II) .
There was a significant increase in the frequency of apoptotic nuclei but not in that of nuclei suspected of apoptosis following the cold shock. However, the frequency of apoptotic nuclei subsequently decreased whereas that of nuclei suspected of apoptosis was not significantly correlated with increasing time after the shock (Tables I, II) . The frequency of necrotic nuclei did not change immediately after the shock but increased significantly throughout the rest of the experiment (Tables  I, II) .
DISCUSSION
The control specimens of P. megistus studied here had lower nuclear frequency than that reported for fully-nourished, laboratory-reared specimens (Mello et al. 1986 , Garcia et al. 2000 . This may reflect nuclear fusion and cell death induced by other stressing agents (such as fasting) prior to the shock. The presence of a certain frequency of nuclear phenotypes different from that of the normal phenotype agrees with this hypothesis. The increased frequencies of altered nuclear phenotypes following cold shock indicate mechanisms involving cell survival (heterochromatin unravelling, nuclear fusion) and cell death (apoptosis, necrosis). Most of the nuclear changes observed here have also been reported after hyperthermia in P. megistus and T. infestans (Dantas & Mello 1992 , Tavares et al. 1997 , Garcia et al. 2000 . Heterochromatin unravelling, with its possible role in the activation of silent genes during stress (Simões et al. 1975) , is longer-lasting in P. megistus compared with T. infestans, irrespective of the eliciting temperature used (Dantas & Mello 1992) . Giant nuclei generated by fusion in the organs of several blood-sucking hemipteran species have been associated with survival mechanisms under unfavorable conditions (Wigglesworth 1967 , Mello & Raymundo 1980 , Mello 1989 . The frequency of giant nuclei in P. megistus nymphs increased slightly just after the short cold shock but remained very low with increasing time after the shock. This finding contrasts with the situation found after short heat shock when there was an increase in the absolute frequency of giant nuclei 10 days after a 1 h-treatment and a decreased frequency thereafter (Garcia et al. 2000) . The activation of nuclear and/or cell fusion which generates giant nuclei (Wigglesworth 1967 ) was found to be less effective or necessary in response to cold shock than that elicited by heat shock. In addition, some of the giant nuclei showed morphological signs of cell death.
The apoptosis and necrosis phenomena seen in the Malpighian tubules of P. megistus after a cold shock have also been observed after a heat shock (Garcia et al. 2000) . In both cases, only the apoptosis program intensified immediately after the shocks; necrosis was a later response.
When stress is enhanced beyond a certain level and hsp are incapable of protecting the cells from the deleterious effects of stress, apoptosis is activated. If the stress damage is very severe, necrosis predominates (Lindquist & Craig 1988 , Harmon et al. 1990 , Sakaguchi et al. 1995 , Samali & Cotter 1996 . Although the effects of a short cold shock in P. megistus are not completely controlled by hsp or survival mechanisms involving cell/nuclear fusions and heterochromatin unravelling since cell death mechanisms are elicited, cell death was not grave enough to affect the survival of more than 14% of the 5th instar nymphs of P. megistus after this shock (Garcia et al. 1999b) .
Prolonged cold and heat shocks are extremely deleterious to P. megistus nymphs (Garcia et al. 1999b) . Indeed, tolerance to prolonged heat and cold shocks develops in P. megistus, if preceded by short heat and cold shocks, respectively (Garcia et al. , 1999a . The development of tolerance after sequential shocks has been attributed to the action of hsp (Lindquist 1986 , Burton et al. 1988 ). Thus, if hsp are activated in P. megistus by a short cold shock, thereby producing tolerance to a prolonged cold shock, hsp would be the best candidates for effectively protecting the cells and insect from drastic damage by low temperature.
